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Express Mail Label No. EV 334814339 US 

T^OBOT DOCKING STATION AND 
ROBOT FOR USE THERKWITH 

Technical Field 

The present invention is directed to robotics. In particular, the present invention 
is directed to docking stations for robots that are of use outdoors, and for robots for use 
with these docking stations, such as robots that function as lawn mowers. 

Summary 

The present invention provides a docking station for a robot, such as a robotic 
lawnmower. The docking station is particularly suited for outdoor use, but can also be 
used indoors if desired. 

An embodhnent of the present invention is directed to a robot having at least one 
contact (for example, typically two contacts), at least a portion of the contact extending 
from the robot, a control system in commimication with the at least one contact, and a 
power supply (for example, a battery or batteries) for the robot. The power supply is 
electronically linked to the control system and the at least one contact. The control 
system is configured for permitting recharging of the power supply (battery or batteries 
of the robot) through the at least one contact, when a predetermined voltage on the at 
least one contact is detected. The robot can be, for example, a robotic lawnmower. The 
predetermined voltage is at least a threshold voltage, that is, for example, at least 25 
Volts. 

Another embodiment of the present invention is directed to a docking station for a 
robot. The docking station has a portion configured for receiving a robot, and a system 
for providing power to the robot for recharging the robot. The system has receptors 
configured for contacting at least one docking contact (or contact) on the robot (the robot, 
for example, typically has two docking contacts or contacts) and transmitting a voltage 
therethrough. This voltage is typically at least a threshold voltage (for example, at least 
approximately 25 Volts) detectable by the control system of the robot that a docking 
contact has occurred, whereby the robot is now suitable for docking, as well as operations 
associated with docking, for example, recharging. The receptors include at least one leaf. 
For example, there are typically two leafs corresponding to each of the docking contacts 
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(or contacts) on the robot. The leafe are typicaUy rigid and connected to a flexible 
suspension. The docking station also has a control system in conmiunication with the 
power providing system. The control system is configured for communication with at 
least one tap of an irrigation system, the tap being timer controlled, and coupled with the 
receptor for sending a signal to the robot for initiating operation of the robot. The robot 
used with this docking station is, for example, a robotic lawnmower. 
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Detailed Description 

Drawing Figs. 1-13 and their accompanying captions are part of this detailed 
description. 




The docking station is placed over the 
perimeter wire, and the robot can dock 
while following the wire (the 'edge' 
mode). The arc ('docking fence*) prevent 
the robot from climbing the docking from 
the wrong direction during are scanning. 



When the robot reaches the docking 
station, and climbs the ramp, it first sense 
a 'drop off event, when the front wheel 
drops in to the valley in the middle of the 
base.. 



FIG. 2 
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FIG. 3 




The robot than continues to drive slowly, 
seeking for signal from the docking 
contacts when those touch the docking 
leafs. If a good contact has not been made, 
the robot will get a bumper event and will 
than back-off and try to re-dock. 



When the robot sense a voltage over the 
docking contacts and stops, and starts the 
charging process. 



FIG. 5 



The docking leafs are suspended in a 
manner the robot can both over travel 
after touching the contacts and also 
compensate for angular misalignments. 
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FIG. 6 





FIG. 8 
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The contacts on the robot are made of 
hollow stamless steel part. Inside the hole, 
a neodymium magnet is held by a screw 
and a small elastomer. 



FIG. 11 



The docking station is composed of a 
docking base, a docking fence, and a 
docking top that contains the contacts and 
electronics. 
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Schematics of the docking board, 
composed of 2 units (perimeter signal 
generator and charging) that 
communicates with each other. 
The charging leafs are switched to 
charging voltage only once a positive 
voltage is sensed across them (with 
comparator A) which is the case when the 
robot successfully docks. 



Topefixneter wire 



FIG. 13 
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A robot suitable for use with the docking station is a robotic lawn mower, for 
example, the robot disclosed in commonly owned U.S. Patent No. 6,443,509, 
incorporated by reference herein, and Robotic Lawnmower Model Numbers RL 500, RL 
550, RL 800 and RL 850, from Friendly Robotics (the trading name of the owner of this 
application) of Pardesiya, Israel. All of the aforementioned robots are modified with 
docking contacts 22, for example, typically two docking contacts, at the front end of the 
robot, electronically linked (e.g., connected or coupled) to the control system (main 
control system) of the robot 20, and the power supply (batteries and associated 
components), to allow for charging of the power system once a sufficient contact is made 
(as determined by the control system, for example, there is at least a threshold voltage of, 
for example, as least 25 Volts, on the docking contacts 22), as shown, for example, in 
Figs. 3 and 9. Additionally, the front wheel of the robot is slideably mounted in a vertical 
orientation, such that when the mechanism on which the front wheel is mounted slides or 
drops downward to a predetermined level (also caused by lifting the body of the robot 20 
at its front end), this mechanism is out of contact with a sensor, linked to the control 
system, whereby the confrol system signals the movement system (or drive system) to 
stop movement of the robot. 

Detection of docking is initiated upon a 'drop off event, that occurs when the unit 
or robot 20 climbs the docking base of the docking station 24 (Fig. 3). The climbing 
.causes the front wheel, to drop downward, this dropping detected by the control system 
of the robot. The control system then signals the movement system (or drive system) to 
slow movement of the robot. The robot slows down and either a docking contact is made 
or tliere is a bumper event. If there is a docking contact, the docking contacts 22 are in 
contact with the leafs of tiie docking station, such that at least a threshold voltage (for 
example, at least 25 Volts) is then detected by the control system (activating the docking 
contacts 22). If tiiis threshold voltage is not detected, there will be a bumper event 
(programmed into the control system by sensors on the bumper linked to the control 
system), where the robot 20 backs away from the docking station and attempts to redock. 
When there is a docking contact or bumper event, this is detected by the control system 
of the robot, that signals the drive (movement) system to stop. 
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The docking contacts are turned on (activated) by the charging voltage only when 
they sense a voltage (when ttie robot touches the docking contacts) of at least the 
threshold voltage (for example, at least 25 Volts). This prevents accidental shortening of 
the leafs when the robot is not docked. The perimeter signal is turned off whenever the 
robot docks. The turning on and ofiF of the perimeter signal is typically controlled by the 
control system of the docking station. 

The perimeter signal is tumed on once a signal from the robot is detected. This 
signal is based on turning on and off the charging switch on the robot, at a certain 
frequency, thus, drawing alternating current from the docking board of the control system 
of the docking station (the docking board monitors the charging current). 

It is also possible to turn on and off the perimeter signal manually, through a 
switch on the docking board of the docking station. The control system of the docking 
station can also be programmed to automatically control activation and deactivation 
(turning ON and OFF) of the perimeter signal. 

The docking contacts (or contacts) 22 (Fig. 3) on the robot are made, for example, 
of stainless steel, and enclose a magnet. The docking station contact leafs are made of, 
for example, 304 stainless steel (para-magnetic). The leafs are typically mounted on a 
flexible suspension system. When the contacts get near the leafs, the leafs are pulled by 
the magnet in the contact, thus shortening the time of semi-contact if the leafs are wet or 
dirty. This substantially inhibits corrosion, dirt and other particulates from building on 
the leafs (on a bad, wet contact, some current flows through the water and rapidly extract 
salts from the water thus creating a non-conductive layer on the contacts that looks like 
corrosion. Another effect of the magnet is to maintain a good contact if the robot slips 
back slightly while stopping at the docking station. 

The robot can be set to resume operation (or begin operation) from the docking 
station upon a triggering signal, typically recognized by the control system of the robot. 
This triggering signal can be timed in the control system of the robot, manually sent to or 
activated on the robot. This triggering signal can also be programmed into the control 
system of the docking station, or manually sent to or activated on the docking station. 
The docking station would then send a signal to the robot for its starting up and leaving 
the docking station to resume operation. The activation of this triggering signal, typically 
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also turns on the perimeter switch. Activation of the triggering signal can be at any 
desired time, for example, when mowing is desired. This can be at daily, weekly or even 
monthly intervals, depending on the kind of mowing needed and the season of the year. 

There is also an external trigger connected to the docking board of the control unit 
of the docking station, that will initiate robot operation, by sending a signal to the control 
unit of the robot through the docking contacts. This trigger can be connected to an 
irrigation computer, of a standard irrigation system, such as that for yards, courtyards, 
gardens, etc. One of the irrigation taps or ports can be set for the robot, and its activation 
will result in activation (initiation) of the robot for mowing. Accordingly, the scheduling 
of mowing can be set as one of the taps and programmed together with the irrigation 
schedule for the yard, courtyard, garden or the like. Scheduling for the activation of the 
triggering signal can be at any desired time, for example, when mowing is desired. This 
can be at daily, weekly or even monthly intervals, depending on the kind of mowing 
needed and the season of the year. 

There has been shown and described at least one preferred embodiment of a 
docking station and robot for use therewith. It is apparent to those skilled in the art, 
however, that many changes, variations, modifications, and other uses and applications 
for the apparatus and its components are possible, and also such changes, variations, 
modifications, and other uses and applications which do not depart from the spirit and 
scope of the invention are deemed to be covered by the invention, which is limited only 
by the claims which follow. 
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What is claimed is: 

1. A robot comprising: 

at least one contact, at least a portion of the contact extending firom the robot; 

a control system in communication with the at least one contact; 

a power supply for the robot, the power supply in communication with the control 
system and the at least one contact, and 

the control system is configured for permitting recharging of the power supply 
through the at least one contact when a predetermined voltage on the at least one contact 
is detected. 

2. The robot of claim 1, wherein the predetermined voltage is at least a threshold voltage. 

3. The robot of claim 2, wherein the threshold voltage is approximately 25 Volts. 

4. The robot of claim 1, wherein the at least one contact includes two contacts. 

5. A docking station comprising: 

a portion configured for receiving a robot; and 

a system for providing power to the robot for recharging the robot, the system 
including receptors configured for contacting at least one docking contact on the robot 
and transmitting a predetermined voltage therethrough. 

6. The docking station of claim 5, wherein the receptors include at least one leaf. 

7. The docking station of claim 5, additionally comprising: 

a control system in communication with the power providing system, the control 
system configured for communication with at least one tap of an irrigation system, the tap 
being timer controlled, and coupled with the receptor for sending a signal to the robot for 
initiating operation of the robot. 
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8. The docking station of claim 5, wherein the predetermined voltage is at least a 
threshold voltage, that causes the control systenci of the robot to recognize docking 
between the robot and the docking station to initiate recharging of the robot. 

9. The docking station of claim 5, wherein the at least one docking contact on the robot 
includes two docking contacts and the receptors of are configured for contacting the two 
docking contacts on the robot and transmitting the predetermined voltage therethrough. 
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